Abstract: Alzheimer's disease is the most common neurodegenerative disorder that is prevailing worldwide. Out of many reasons that may have their roles in prevailing this dementia, higher level of calcium concentration is one of them. There are various parameters that have their hands in maintaining the calcium level of the cytosol. Here we have taken into consideration the buffers and voltage gated calcium channel (VGCC) and used a two dimensional mathematical model to get the desired results. Finite element method (FEM) is employed to carry out the computations. Exogenous buffers like EGTA and BAPTA, which lower down the calcium concentration, have been used in addition to VGCC, which increases the calcium flux at the cytosolic level, to study the impact of calcium in Alzheimer's disease. The obtained results show that there is increase in calcium concentration level of Alzheimer's affected cell which render toxicity to the cell followed by cell death in AD.
Introduction
Mathematical modeling and simulation of biological systems is done on a large scale in present era. The amalgamation of various techniques helps in delineating various physiological phenomena taking place. Human body is divided basically into central nervous system and peripheral nervous system. Brain and spinal cords comes under central nervous system [1] . Out of all, human brain is the most complex structure and hence the mathematical modeling of it is the favorite task of the researchers. Brain on the whole works as a syncytium due to millions of cells which are connected to billions of other cells. Neurons are known as the building blocks of central nervous system, whereas astrocytes, oligodendrocytes, microglia are supporting cell, which helps in maintaining the brain functions and physiological processes [1] , [2] . Besides various cells, there are numerous ions inside the brain that plays important role. Calcium ion being a second messenger of the brain plays an important role in maintaining the physiological functions [3] . Calcium has its hand in functioning of brain and several other functions like synaptogenesis, gene expression, cell differentiation, proliferation, etc. [4] . Due to its widespread role of calcium in brain the slightest of the change in it would result in major changes in physical as well as physiological changes.
Various studies suggest that the changes in the calcium level may result in several neurodegenerative diseases. Alzheimer's disease, Parkinson's disease, Epilepsy, etc. are some of the neuronal disorder which may take place due to alterations in cytosolic calcium concentration level [5] - [8] . Out of all, Alzheimer's disease is the most common form of dementia which is prevailing worldwide. Being sporadic in nature, there is no perfect known cause of Alzheimer's to occur [9] . Amyloid beta plaques and neurofibrillary tangles are the two hallmark causes of Alzheimer's whereas, declination in memory power, loss of thinking capacity and linguistic skills, gait disturbance etc. are the physical symptoms of Alzheimer's disease [6] , [10] - [12] . Research shows that the high level of calcium concentration level results in toxicity of the cell [13] . This toxicity is affected directly linked to the cell fate. The cell calcium is maintained by calcium binding buffers, certain calcium channels and exchanges and some entities like endoplasmic reticulum and mitochondria and the slightest of the change in any of the parameters would generate a plethora of dysfunctions and hence the neurodegenerativity [12] . Thus study of calcium diffusion is an important aspect to look upon. Here we have considered buffers and VGCC to study the calcium concentration distribution. Buffers, on one hand decreases the calcium level by binding it with calcium whereas on the other hand, VGCC increases the cytosolic calcium through the channel fluxes. Thus, the combination of both the considered parameters maintains the cell calcium and hence the alterations in it would lead to neurodegenerativity. The research done so far suggests that the decrease in calcium binding buffers and alterations in the voltage gated calcium channels may be the some of the cause of neurodegenerativity in Alzheimer's disease [14] , [15] . Literature survey suggests that several authors have mathematically studied calcium diffusion in different cells in presence of buffers and VGCC [16] - [18] . They have considered the regular shape of the cell and employed finite element method to get the results. Keeping in mind the above physiological facts and literature survey, we have attempted to mathematically model the calcium diffusion taking place in presence of buffers and VGCC in approximated typical structure of neuron cell. Over and above the irregularity of the cell shape, the relation between the alterations in calcium and Alzheimer's disease is explained. The mathematical formulation, geometrical description, result and discussion are given in the next sections.
Mathematical Formulation
The mathematical formulation of the calcium buffering can be stated as [19] , [ 
where 
Using the mathematical formulation of calcium buffering and VGCC as internal processes, the computational model is stated as 
The geometrical description of the approximated cell structure is shown in next section followed by results. Fig. 1 . Approximated geometry of the cell and boundary conditions incorporated on the cell.
Geometrical Description
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The approximated cell structure of a typical neuron cell along with the boundary conditions which are incorporated are shown in Fig. 1 . These boundary conditions are taken in such a way that it is in harmony with the physiological condition of the cells. Here multi boundaries are taken into consideration which is due to the physiological calcium flux taking place through the borders in cell. Further, Fig. 2 shows the discretized cell, i.e. entire domain is discretized into small elements. Entire domain of the cell is divided into 1311 triangular elements having 833 nodal points. Triangular elements are the basic elements used for approximating the solution on the entire domain. shown for the normal and Alzheimeric condition of the cell. Physiologically it has been found that the lower levels of the calcium buffers results into the higher amount of calcium in the cytosol [9] . Also, literature shows that there is disturbance in the voltage gated calcium channels which also results in alterations in calcium concentration level [12] . Here both the parameters are taken into consideration and their impact is shown in Fig. 3 . Fig. 3a shows the normal condition of the cell whereas the Fig. 3b having higher amount of calcium shows the Alzheimeric condition of the cell. The level of calcium in normal cell is round about 0.08 whereas it is 0.3 for Alzheimer's affected cell and then attains the background concentration of 0.1 M  . The higher amount of the cell disturbs the normal functioning of the cell followed by cell loss and cell death cascades. Due to this, the new formation of memory won't take place and the symptoms of the Alzheimer's disease starts taking place. This higher amount of calcium renders toxicity to the cell and hence the cells Here also, in Alzheimeric cell buffer loses its amount and binding affinity and the activity of calcium channel is altered. The changes due to these alterations can clearly be seen from Fig. 4a and Fig. 4b . The calcium concentration for normal cell is round about 0.06 and for Alzheimeric cell is 0.25. The significant impact of the both the parameters on the cytosolic calcium concentration can be seen from both the figures. Hence, it is observed that the slightest of the modifications in the buffer amount, buffer affinity and the voltage gated calcium channel may result into neurodegenerativity of Alzheimer's disease. There is difference in calcium hike for both of the buffers due to the difference in the binding affinity of EGTA and BAPTA.
Results and Discussion
Conclusion
In the present paper, an attempt has been made to study the impact of calcium concentration in presence of buffers and VGCC for normal and Alzheimeric cells. For this, a two dimensional mathematical model is used having initial and boundary conditions matching the physiology of the brain. Further, finite element method is used to get the results. The fundamental procedure of the finite element method is followed, i.e. the domain is drawn and after appropriate boundary conditions, the domain is discretized and the approximate solution is obtained. Two different buffers namely, BAPTA and EGTA are used in presence of VGCC. The significant and noteworthy change in the normal and Alzheimeric cell is shown for cytosolic calcium concentration level. The fact that the increase in calcium concentration leads to the neurodegenerativity of Alzheimer's disease can be verified from Fig. 3 and Fig. 4 . Here the results obtained are totally computational and it needs to be verified by the biologists so that they can be used it in future for unrevealing the hidden part of Alzheimer's. Further such models can be developed to get better insights about the physiology behind the neurodegenerative diseases and its connection with diverse parameters like sodium calcium exchanger, voltage gated calcium channels, endoplasmic reticulum, mitochondria, etc. taking place in all the nerve cells.
